Abstract. If all of the livestock and poultry waste produced in the United
Introduction
Currently in the U.S., there is a significant quantity of biomass that requires handling and disposal, often at a significant cost to the various industries. Biomass in the form of agricultural and forest residues is bulky and therefore expensive to transport for utilization. Due to the expense of handling and disposal biomass is, for the most part, considered a liability by these businesses. One potentially profitable use of this biomass is to make it an energy source. Biomass can be gasified and, with co generation, be converted efficiently, into renewable green electrical power. For example, consider the four main sources of biomass in Texas, [urban wood waste, mill residue, forest residue, and agricultural residue (only 40% of Ag residue produced)], over 1300 MWe of power could be generated from the 9.5 million tons of biomass available. These same resources in the U.S. could produce nearly 37,000 MWe of power from the 322 million tons available. One of the greatest impediments to utilizing biomass is its bulk and, often times, remoteness from the point of utilization.
Another source of biomass that has the potential to pose a significant threat to the environment is livestock and poultry wastes produced from the intensive animal feeding operations that exists across the country. The 1994 animal population summary (NRCS 1995) showed that there were 89.6 million beef cattle, 13.7 million dairy cattle, 60 million swine, 290.8 million laying chickens, 7,017.5 million broilers, and 289 million turkeys in the United States. The manure produced by these animals has the potential to cause a significant negative impact on the environment affecting groundwater, surface water, and air if improperly managed.
In confined animal feeding operations (CAFO), inefficient consumers (Hayden, 2003) are provided with ample amounts of feed and water, which results in production of large quantities of manure. The NRCS (1995) estimates that on an as-excreted basis, one animal unit (AU) (NEH 1992) of beef, dairy, swine, layers, broilers, and turkeys produces 59.1, 80.0, 63.1, 60.5, 80.0, and 43.6 pounds of manure each day, respectively. Table 1 presents an estimate of the annual manure production for these selected animals in the United States. From the total amount of animal manure produced, as shown in Table 1 , the total dry biomass production is approximately 300 million tons annually.
If all of the livestock waste produced in the United States were to be recycled by applying it to land for the purpose of growing the typical agronomic crops and the nitrogen were to be applied at average agronomic rates for those crops, approximately 15 percent of the total available farmland would be required. When you consider phosphorous as the limiting nutrient, the requirement increases to over 30 percent of the available farmland. Not all of the livestock waste can be recycled on the land because the hauling distance often prevents this recycling method from being cost effective. Therefore, it is prudent to find alternative solutions to handling this mass quantity of concentrated animal wastes. Now consider the future need. Projections indicate that our population is expected to double within the next 30 to 50 years. This growth means that the quantity of animal wastes produced will also double if we expect to maintain the same quality of life we currently enjoy. From the standpoint of farmland, if the area in production remains the same in that time frame, over 50% of that land will be required for the purpose of recycling the animal wastes only. This automatically rules out the use of crop land for recycling all of the animal manure produced because there will be insufficient land available, even if we do not loose any of the current supply. Typically, it is thought that if manure is transported more than about 20 miles, the value of the nutrients received for crop production is lost. Considering the fact that many animal production facilities do not exist in areas where sufficient farmland is available, the need to effectively process the animal manures and the many other sources of biomass produced is even more critical. Total n/a n/a n/a n/a n/a 1,946
a on an as excreted basis Since recycling animal manures by application to crop land cannot be the total solution, alternative methods of recycling need to be considered. If this dry biomass was converted to a gas in a fluidized bed gasification process and the gas was used to fire a turbine-generator system, over 34,000 MWe of electrical power could be produced annually. This amount of power is valued at approximately $15 billion when sold at $0.05/kWh.
The fluidized bed gasification process ( Figure 1 ) allows the use of any organic biomass source with less then 50 percent moisture to be converted to a low grade gas made up of carbon monoxide, hydrogen, methane, and other minor components (Craig and Purvis 1998 , Wiant et al. 1997 , and DeLong et al. 1995 . Organic biomass such as wood, cotton gin residue, rice hulls, manure, and bagasse is processed into small particles, less than 1 inch cubes, before it enters the gasifier. Once the biomass is inside the gasifier, it is quickly converted into its gaseous end products by pyrolysis, a process that occurs at approximately 760 C (1,400 o F). The conversion time is a matter of seconds; therefore manure can be processed immediately after it is collected from a dry, open feedlot operation. At this processing temperature, any risk of a biohazard created by the manure is eliminated. In Texas, the nearly 5 million head of feedlot cattle produced in an average year generate approximately 3.6 million tons of dry manure (Texas Agricultural Facts, 2004) . If that manure were collected and converted into electricity via a gasification system, nearly 400 MWe of power could be produced. Conversely, if that same manure was collected and converted to biogas via the anaerobic digestion process, the equivalent electrical power production capacity would be approximately 180 MWe. Yet, the lower power production from the anaerobic digestion process is coupled with the fact that over 7 billion gallons of water would be required annually to process that waste into biogas. If fresh water was used for this process, that quantity is sufficient water to provide nearly 200,000 people with water every day.
When you consider the total quantity of biomass produced annually in the United States, approximately 800,000 MWe of electricity could be produced via the gasification process, which is nearly equal to the total amount of potential electrical power currently available in the nation (De La Torre Ugarte 1999). Recycling much of this biomass would greatly reduce the negative environmental impact we are experiencing on our water and land resources via leaching, nonpoint source pollution, etc. Furthermore, there is a great deal of potential for economic return that can be gained from the recycling of this biomass provided an integrated approach is followed.
Example of Processing Cotton Residue
Texas, for example, is currently one of the leading states in producing animal and cotton gin wastes. Each year approximately 2.25 million tons of cotton gin residue is generated in the United States (Holt et al., 2000b) . In crop year 2003, Texas produced 4,355,700 bales of upland cotton (USDA, 2004) . From that cotton produced, there was an estimated 780,000 tons of cotton residue produced from the ginning process. This gin residue is already acceptable roughage that can be utilized as feed in the livestock industry (Mayfield 1991) . Rankins (2004) evaluated Alabama gins and found that gin trash contains approximately 45 to 48 percent TDN (total digestible nutrients) and 7 to 9 percent CP (crude protein). Also, palatability is found to be good in both stocker calves and brood cows across the state. In addition to its acceptable feed characteristics, Castleberry and Elam (1999) have shown the economic feasibility of using cotton gin waste compared to alfalfa and cottonseed hulls as roughage ingredients. The study concluded that using cotton gin waste increases the net return by 7.50% per head to the cattle feeder.
The cotton industry faced similar problems with harvest and transport of cotton as you find with many other sources of biomass produced either as an energy crop or the residue from other processes. The bulky and fluffy cotton was once harvested in the field and transported in wagons to the gin. Today, nearly all cotton is processed in the field into large modules. Each module now holds the equivalent of 2 to 3 trailer loads (wagons) of cotton. The bulky cotton is compressed in the field in a portable module maker yielding a module about 8x32x8 ft and weighing 20,000 to 22,000 pounds. Specialized trucks move these modules from the field to the gin. After ginning, the cotton is compressed into bales weighing about 480 to 500 pounds, wrapped in plastic and stored until sold on the market.
The equipment used to produce cotton modules should be readily convertible to process biomass. Biomass could be processed, sized, and baled to prepare fuel stock for gasifiers. This is an industrial-scale analogy to the wood pellets now available commercially to feed pellet burning stoves sized for residential use.
In the Southern High Plains of Texas, cotton production is typically about 3 million bales annually but in extremely good years could be 4 million bales. With an average weight of 490 lbs/bale, the weight harvested is about 1,470 million lbs to 1,960 million lbs per year. Additionally, seed harvested is equivalent to 675 lbs/bale and gin residue is 778 lbs/bale. Therefore, with a harvest of 3 million bales the gin residue would be 1.17 million tons or 31.56 million tons with a harvest of 4 million bales. These quantities of gin trash could be gasified and converted to electrical power producing 146 MWe and 195 MWe during an 8000-hr operating year. At $.05/kWh the value of this power would be worth from $58.4 million and $78 million per year.
With distributed power produced in 5-MWe sized gasifiers (NREL 2006) , it would require the fulltime operation (8000 h/yr) of 48 gasifiers. Each gasifier would employ 5 to 7 individuals producing a total of 240 to 336 jobs for operation of the 48 gasifiers alone. Biomass bales weighing an average of 500 lb each could be used as fuel cubes (similar to pellets in a pellet burning stove) and fed automatically into a gasifier. A 5-MWe gasifier would require 5 tons of biomass per hr or 20 of these 500 lb cubes/hour. An 18-wheel truck and trailer can haul 88 bales per load. Therefore, a 5-MW gasifier would require 5.5 truck loads of baled biomass per day for full-time operation.
Integration of the Technologies
Recycling animal residuals, both the solid and liquid fractions, into various products is one example of a multiple-use concept (Figure 2 ). To accomplish this task, it is necessary to treat the residuals to a level suitable to sustain the growth of various plants and fish. Some times it is necessary to separate the solids from the liquids to process the residuals more efficiently. The level of treatment necessary varies greatly depending upon the species of both the fish and the plants. In any scenario, each level of treatment of the residuals can produce another valuable product, many of which can contribute to the other biomass production systems. Based upon the resources available in a region and the potential products the local and even global market can support, specific processes will be enlisted to recycle output components from one process as the input product for another process. Figure 2 shows how the integration of several processes, including gasification, is used in the overall recycling process. In all the modular production components of a system, there is a certain quantity of biomass that is generated and often requires disposal. Normal disposal in a landfill or similar system is usually expensive and justifies the need to seek an alternative solution. Since the biomass is an organic source, the most likely solution to disposal is the conversion of that biomass to electricity via a gasifier system. When this type of process is utilized, the production system has its own power source and, in many situations, will be able to generate more power than is required by the system. An additional potential benefit is the utilization of the heat normally emitted by an electrical production system. If aquatic plants or fish are being produced, this excess heat can be utilized to maintain a specific temperature for the production of some higher valued products.
If all of the animal waste described above was collected in a liquid form and processed to produce water hyacinth at a production level of only 15 t/ac annually in a system as described in Figure 2 , the total biomass production potential would be 4x10 9 t/yr (Krotz 1996) . If this biomass is converted to electricity via biogasifier-generator systems as shown above, nearly 500,000 MWe of distributed power could be produced, which is just shy of the 590,000 MWe of power currently consumed in the United States.
Most terrestrial based crops annually produce between 0.7 and 3.5 tons of dry residual biomass per acre with usually a similar amount of grain. Switchgrass has been noted as a potential energy crop because it can produce from 4 to 5 dry tons of biomass per acre annually. In comparison, aquatic plants can annually produce from 2 to 80 MT/ha with southern states producing specific crops such as water hyacinths (Eichhornia crassipes) achieving the upper end of that production range (Duke 1983; Dymond 2006; Horowitz 2006) . Tests completed in our greenhouse modular production system recycling cattle manure has shown production levels of water hyacinth of about 48 ton/acre (dw) annually. Dymond (2006) found water hyacinth production levels of 66 MT/ha (dw). Cattails grown in our system produced about 16 ton/acre whereas Maddison and Mander (2005) showed that nearly 24 MT/ha (dw) could be produced annually in a large-scale wetland.
Conclusion
There is no single technology that is the panacea for solving all the problems associated with the various sources of biomass residuals. The gasification technology has the potential to solve many of the problems by converting the biomass into a gas and, where needed, then converted it into electricity. If a system is producing large quantities of solid biomass that is relatively dry, then the gasification system is the appropriate technology to consider. In systems where excess water is tied up in the biomass, then either an alternative technology should be considered or a blending process with a dry biomass source can be considered. The key is completing the mass balance on the water, nutrients, and energy to determine the total structure of the system. Biomass energy has several advantages over wind and solar energy. Where wind and solar energy are site specific, the many forms of biomass energy is found in many more locations, virtually everywhere. Where wind and solar are heavily dependant on climatic conditions and thus limited in the amount of time they are available, biomass can be designed to be available 24 hours per day, 7 days per week. Since biomass resources are widely distributed, the power generated from that biomass is also widely distributed thus reducing the need for large power distribution lines. By integrating various technologies together, such as water recycling, not only can additional biomass be generated but negatively impacted water can be remediated resulting in a cleaner environment. In addition, the integrated systems have the potential to produce valuable by-products that result in more economically viable systems, create new jobs, and can produce sustainable economic growth, especially in rural communities. By integrating the growth of aquatic plants in a water recycling system to produce biomass, nearly 500,000 MWe of power could potentially be produced resulting in less dependence on non-renewable sources of energy.
Taking into consideration the facts that available natural resources are finite and that the population will continue to grow, it is appropriate to consider the various technologies that include recycling in every facet of life.
